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INDEXING IS AVAILABLE FOR THIS PATENT. 

The present invention relates to amino acid sequence variants 



of human DNase I that have increased DNA-hydrolytic activity. 

The invention provides nucleic acid sequences encoding such hyperactive 

variants, thereby enabling the production of these 

variants in quantities sufficient for clinical use. The 

invention also relates to pharmaceutical compositions and therapeutic 

uses of hyperactive variants of human DNase I . 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

The present invention relates to amino acid sequence variants 



David W 



of human DNase I that have increased DNA-hydrolytic activity. 

The invention provides nucleic acid sequences encoding such hyperactive 

variants, thereby enabling the production of these 

variants in quantities sufficient for clinical use. The 

invention also relates to pharmaceutical compositions and therapeutic 

uses of hyperactive variants of human DNase I. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

The present invention relates to amino acid sequence variants 



of human DNase I that have reduced binding affinity for actin. 
The invention provides nucleic acid sequences encoding such 
actin-resistant variants, thereby enabling the production of 
these variants in quantities sufficient for clinical use. The 
invention also relates to pharmaceutical compositions and therapeutic 
uses of actin-resistant variants of human DNase I. 
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CAPLUS COPYRIGHT 2003 ACS on STN DUPLICATE 1 
1999:593926 CAPLUS 
131:319595 

Ca2+ -dependent activity of human DNase I and 
its hyperactive variants 
Pan, Clark Q. ; Lazarus, Robert A. 

Department of Protein Engineering, Genentech, Inc., 
South San Francisco, CA, 94080, USA 
Protein Science (1999), 8(9), 1780-1788 
CODEN: PRCIEI; ISSN: 0961-8368 
Cambridge University Press 
Journal 
English 

We have recently constructed hyperactive human DNase I 
variants that digest double -stranded DNA more efficiently under 
physiol. saline conditions by introducing pos . charged amino acids at 
eight positions that can interact favorably with the neg. charged DNA 
phosphates. In this study, we present data from supercoiled DNA nicking, 
linear DNA digestion, and hyperchromicity assays that distinguish two 
classes of DNase I hyperactive variants based upon 
their activity dependence on Ca2+. Class A variants are highly 
dependent upon Ca2+, having up to 3 00- fold lower activity in the presence 
of Mg2 + alone compared to that in the presence of Mg2+ and Ca2+, and 
include Q9R, H44K, and T205K, in addn. to wild-type DNase I. In 
contrast, the catalytic activity of Class B variants, which 
comprise the E13R, T14K, N74K, S75K, and N110R hyperactive 
variants, is relatively Ca2 + independent. A significant 

proportion of this difference in Ca2+ -dependent activity can be attributed 
to one of the two structural calcium binding sites in DNase I. 
Compared to wild- type, the removal of Ca2+ binding site 2 by alanine 



replacements at Asp99, Aspl07, and Glull2 decreased activity up to 26-fold 
in the presence of Mg2+ and Ca2+, but had no effect in the presence of 
Mg2+ alone. We propose that the rate-enhancing effect of Ca2+ binding at 
site 2 can be replaced by favorable electrostatic interactions created by 
proximal pos . charged amino acid substitutions such as those found in the 
Class B variants, thus reducing the dependence on Ca2+. 
REFERENCE COUNT: 27 THERE ARE 27 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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TITLE: Improved potency of hyperactive and act in- resistant 

human DNase I variants for 

treatment of cystic fibrosis and systemic lupus 
erythematosus 

AUTHOR(S): Pan, Clark Q. ; Dodge, Tony H. ; Baker, Dana L . ; Prince, 

William S.; Sinicropi, Dominick V.; Lazarus, Robert A. 

CORPORATE SOURCE: Department of Protein Engineering, Genentech, Inc., 

South San Francisco, CA, 94080, USA 

SOURCE: Journal of Biological Chemistry (1998), 273(29), 

18374-18381 

CODEN: JBCHA3; ISSN: 0021-9258 
PUBLISHER: American Society for Biochemistry and Molecular 

Biology 

DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB The ability of recombinant human DNase I (DNase I) to 

degrade DNA to lower mol , wt . fragments is the basis for its therapeutic 
use in cystic fibrosis (CF) patients and its potential use as a treatment 
for systemic lupus erythematosus (SLE) . To increase the potency of human 
DNase I, we have generated and characterized three classes of 
mutants: (a) hyperactive variants, which have from one 

to six addnl . pos. charged residues (+1 to +6) and digest DNA much more 
efficiently relative to wild type, (b) actin-resistant variants, 
which are no longer inhibited by G-actin, a potent inhibitor of 
DNase I, and (c) combination variants that are both 

hyperactive and actin-resistant. For DNA scission in CF sputum where the 

DNA concn. and length are large, we measured a . apprx. 2 0-f old increase in 

potency relative to wild type for the +3 hyperactive variant 

Q9R/E13R/N74K or the actin-resistant variant A114F; 

the hyperactive and actin-resistant combination variant was 

. apprx. 100-fold more potent than wild type DNase I. For 

digesting lower concns . of DNA complexed to anti-DNA antibodies in human 
serum, we found a maximal enhancement of . apprx. 400-fold over wild type 
for the +2 variant E13R/N74K. The +3 enzymes have 

. apprx. 4 000 -fold enhancement for degrading moderate levels of exogenous 
DNA spiked into human serum, whereas the +6 enzyme has . apprx . 30 , 000 -fold 
increased activity for digesting the extremely low levels of endogenous 
DNA found in serum. The actin resistance property of the combination 
mutants further enhances the degree of potency in human serum. 
Thus, the human DNase I variants we have engineered 
for improved biochem. and pharmacodynamic properties have greater 
therapeutic potential for treatment of both CF and SLE. 
REFERENCE COUNT: 32 THERE ARE 32 CITED REFERENCES AVAILABLE FOR THIS 

RECORD. ALL CITATIONS AVAILABLE IN THE RE FORMAT 
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The phosphorylation of bovine DNase I 

Asn-linked oligosaccharides is dependent on specific 
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Nishikawa, Atsushi; Gregory, Walter; Frenz, John; 
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Cacia, Jerry; Kornfelcl, Stuart 

Department Medicine, Washington University School 
Medicine, St. Louis, MO, 63110, USA 
Journal of Biological Chemistry (1997), 272(31), 
19408-19412 

CODEN; JBCHA3; ISSN; 0021-9258 

American Society for Biochemistry and Molecular 
Biology 
Journal 
English 

The secretory glycoprotein, DNase I (I) , acquires mannose 
6-phosphate moieties on its Asn-linked oligosaccharides, indicating that 
it is a substrate for lysosomal enzyme N-acetylglucosamine-1 - 
phosphotransferase (II) . II recognizes a conformation-dependent protein 
determinant that is present in lysosomal hydrolases, but absent in most 
secretory glycoproteins. To identify the amino acid residues of I that 
are required for interaction with II, wild-type and mutant forms 
of bovine I were expressed in COS-1 cells and the extent of 
oligosaccharide phosphorylation detd. Phosphorylation of I 
oligosaccharides decreased from 12.6 to 2.3% when Lys-50, Lys-124, and 
Arg-27 were mutated to Ala, indicating that these residues are required 
for the basal level of phosphorylation. Mutation of Lys at other 
positions did not impair phosphorylation, demonstrating the selectivity of 
this process. When Arg-27 was replaced with a Lys, phosphorylation 
increased to 54%, showing that II prefers Lys to Arg residues. Mutation 
of Asn-74 to Lys also increased phosphorylation to 50.3%, and the double 
mutant (R27K/N74K) was phosphorylated 79%, equiv. to the 
values obtained with lysosomal hydrolases. Interestingly, Lys-27 and 
Lys -74 caused selective phosphorylation of the neighboring Asn-linked 
oligosaccharide. Finally, mutation of Lys-117 to Ala stimulated 
phosphorylation, demonstrating that some residues may be neg . regulators 
of this process. It was concluded that selected Lys and Arg residues on 
the surface of DNase I constitute the major elements in the II 
recognition domain present on this secretory glycoprotein. 
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CAPLUS COPYRIGHT 2003 ACS on STN 
1997 :400687 CAPLUS 
127:132688 

Engineering hyperactive human DNase I with 
over 4000 -fold higher activity in human serum 
Pan, Clark 0.; Dodge, Tony H.; Baker, Dana L.; 
Sinicropi, Dominick; Lazarus, Robert A. 
Department of Protein Engineering, Genentech, 
South San Francisco, CA, 94080, USA 
Protein Engineering (1997), lOfSuppl,), 88 
CODEN: PRENE9; ISSN: 0269-2139 
Oxford University Press 
Journal 
English 

The ability of recombinant human DNase I to degrade DNA 
represents an important therapy for cystic fibrosis and a potential 
therapy for systemic lupus erythematosus (SLE) patients, 
improve its clin. benefits, the authors have engineered hyperactive human 
DNase I variants by altering its functional activity 

from the native single-stranded nicking pathway to a much more efficient 
double-stranded cutting pathway. In human serum, as high as 4200-fold 
greater activity than the wildtype DNase I was detected for a 
mutant, E13R ;N74K : T2 05K. The improvement was larger in 

serum than in buffer, perhaps because of the presence of other DNA-binding 
proteins in serum that inhibit wildtype activity more than those of the 
variants. In addn. , the hyperactive variants were more 
resistant to salt inhibition than the wildtype DNase I. 
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